Abstract. Egg production, growth and development rates of Oithona similis were measured in the laboratory as a function of food concentration and composition. On an optimum diet, development is isochronal and growth is near exponential. The maximum juvenile growth rate at 15°C (0.2 day" 1 ) is similar to juvenile growth in calanoid copepods. The maximum weight-specific egg production rate (0.1 day" 1 ), on the other hand, is substantially less than in free-spawning calanoids, but similar to that in egg-carrying calanoids. In the Kattegat, Oithona spp. egg production is strongly limited by food during summer and controlled by temperature during winter. The seasonal signal in fecundity and population biomass is much weaker than in the co-occurring free-spawning calanoid genera, where fecundity and population biomass undergo dramatic seasonal viaration.
Introduction
A strong interest in marine cyclopoid copepods has developed in recent years, along with the increasing awareness of their high abundance in almost all oceanic environments and often numerical dominance within the metazoan plankton (e.g. Paffenhofer, 1983; Paffenhofer et al., 1987; BottgerSchnack et al., 1989; Hay et al., 1991; Nielsen et al., 1993) . However, information on the ecology of cyclopoids is still scarce and by far the majority of experimental studies have been devoted to calanoid copepods (Paffenhofer, 1993 , and references therein).
Among the cyclopoids, Oithonidae usually consitute a significant fraction of the copepod biomass in temperate areas, in particular during autumn and winter, when they appear able to maintain high population densities. In the North Sea, for example, Oithonidae contribute 25% (23-29%) of the total copepod biomass during October-March (Hay et al., 1991), and 38% (23-50%) in the Kattegat during late August through February (Kitfrboe and Nielsen, 1994) . The oithonid Oithona similis is probably one of the most ubiquitous and abundant copepod species in neritic temperate seas. Yet, it is one of the poorest known. To our knowledge, there are only two experimental studies in the literature that provide some insight into the species. They refer to its basic feeding and reproductive biology (Eaton, 1971) , and to feeding rates on flagellate diets (Drits and Semenova, 1984) . Detailed autecological studies on other Oithonidae species are not less scarce. While there is some information about reproduction and development (Haq, 1965; Uchima, 1979 Uchima, , 1985 Lonsdale, 1981a,b; Ferrari and Ambler, 1992) , egg production rates have been obtained experimentally only for Oithona plumifera (Paffenhofer, 1993) . There are relatively more data regarding feeding and respiration (Marshall and Orr, 1966; Lampitt and Gamble, 1982; Uchima and Hirano, 1986; Hiromi et al., 1988) , but a complete lack of experimental studies on the growth of Oithonidae and only one reference for a marine cyclopoid (Paffenhofer, 1993) . This study attempts to contribute to our knowledge of the growth and production of the potentially important cyclopoid copepods.
We report here observations on the fecundity and growth rates of O.similis at varying food concentrations in the laboratory, and on seasonal variation in fecundity in a coastal, temperate ecosystem (Kattegat, Denmark). We compare our findings with the knowledge of other cyclopoid copepods and with information on the much better known calanoid copepods.
Method
Copepods were collected by a 100 p.m mesh-size WP2 net in the 0resund (Denmark) on several occasions (Table I ). In the laboratory, several hundred adults and late copepodids were picked and transferred to 5 1 polypropylene beakers with 30 or 20%o salinity (S) pre-filtered (0.2 u.m) seawater, depending on in situ water salinity at the time of sampling. Animals were slowly acclimatized to ~15°C (1°C day" 1 ) and subsequently used either for experiments or for culture purposes.
Laboratory cultures at 20 and 30%o S were started with batches of several hundred nauplii hatched from the animals collected on 20 October 1992. The shift from collection salinity or 17%o to 30%o was made by transferring the field animals to 25%o S for 15 days before shifting them to 30%o. Both cultures were maintained through four generations. Although rather variable, a sex ratio strongly skewed towards dominance of females (10-35 females: 1 male) was found in the cultures. A high mortality was observed throughout the development of the third generation and the females of the fourth generation did not produce eggs.
A mixed-flagellate diet was offered as food, following Eaton's (1971) suggestion for rearing O.similis and considering the several literature reports showing that motile flagellates support development and egg production in Oithonidae (Uchima, 1979 (Uchima, , 1988 Lonsdale, 1981a; Lampitt and Gamble, 1982; Drits and Semenova, 1984; Uchima and Hirano, 1986; Ferrari and Ambler, (Klein Breteler, 1980) , food depletion for the younger developmental stages of O.similis was prevented by partially renewing the water in the rearing containers at least once a week.
Egg production
Experiments to determine egg production rates were performed in four individual series (Table II) Females not carrying eggs were picked from field samples (EPI-EP2) immediately after collection or from the stock cultures (EP3-EP4) and placed individually in 50 ml cell culture screw-cap flasks filled with a suspension of the algal mixture at each of the experimental food levels. The flasks were sealed with plastic film to prevent bubbles and fixed on a rotating wheel (0.5 r.p.m.) at 15°C and under continuous light. The initial number of females was 20 at each food concentration. The bottles were examined under the microscope every day during the entire lifetime of the females (EPI and EP2) or for 3 weeks (EP3 and EP4), and the occurrence of new egg sacs, number of eggs and the occurrence of newly hatched nauplii were recorded. Every second day, the females were transferred to flasks with fresh food suspension and nauplii were removed. Food concentrations increased slightly during incubations. Cephalothorax length of the females and egg diameters were measured. Egg production rates (eggs female" 1 day" 1 ) were converted to carbon-specific rates by assuming an egg carbon content of 0.14 x 10" 6 u,g C u,m~3 (Ki0rboe et al., 1985a; Huntley and Lopez, 1992) , and a female carbon content estimated from a length-carbon regression (see below).
Development and growth
Breeding stocks for development and growth experiments were either females picked from field samples (DG1 and DG4) or obtained from the laboratory cultures (DG2 and DG3) ( Table I ). Artificial cohorts were obtained by isolating nauplii hatched within 48 h. Several cohorts produced over 2 day periods had to be combined-but were incubated separately-in each experiment to obtain enough individuals for sampling throughout the entire experiment. Time was measured relative to the starting time of the incubations of egg-carrying females. The developing cohorts were reared at 15°C and under continuous light in 2 1 polypropylene beakers with a mixture of 0.2 u.m filtered seawater and 40 )im filtered water from the rearing tanks (with O.marina). Fresh suspensions of R.baltica and H.triquetra were added daily at high densities (>5 p.p.m.). Every second day, the animals were transferred to clean containers. In each series, samples were taken at least at 2-day age intervals. Each time, >30 animals were sampled, preserved in formalin, and analysed for stage and length distributions. Total length was measured in nauplii. In the latter stages (>CII) of cyclopoid copepods, the first segment of the slender posterior portion of the body is actually the last cephalothorax segment. Therefore, length measurements in all the copepodid stages, including CI and CII, were made from the anterior margin of the head to between the first and second segments of the slender posterior portion.
Stage-specific development times (median time to reach a particular stage) and stage durations (median duration) were calculated from observed changes in stage frequencies with time in the manner outlined in Landry (1983) .
Copepod'carbon content was measured by an Infrared Gas Analyser (IRGA). Animals from selected cohorts were first rinsed with pre-filtered seawater and then anaesthetized (carbonated mineral water) for determination of stage and size composition (n > 30), and for exact counting of total numbers. Samples included only nauplii or copepodids. Copepods were next rinsed several times with artificial seawater (where most of them woke up) to remove remaining particles and dissolved organics, and were finally transferred by a mouth pipette to small pre-combusted (550°C, 2 h) foil bowls (5 mm diameter). Samples were dried at 60°C for 3 h and kept in a desiccator at -20°C until analysed.
For growth determinations, the average carbon content of animals at any particular sampling time was calculated from length measurements by applying the length-carbon content regressions (Figure 1 ).
Oithona spp. egg production in the field
To examine the seasonal variation in Oithona spp. egg production, we sampled at a 28 m deep station in the southern Kattegat, Denmark (56°15'N, 12°00'E), for one year. The station was occupied about every second week throughout the year and in addition every second day during two 3 week periods, 28 March-14 April and 21 August-8 September. Depth-integrated zooplankton samples were collected with a submersible pump (4001" 1 min" 1 ) equipped with a 45 urn meshsize net. The pump was lowered from the surface to the bottom at a constant rate (10 m min" 1 ) while pumping. Samples were preserved in 2% formalin and Oithona spp. females and eggs were later counted in subsamples; normally, >30 females and >100 eggs were counted. Cephalothorax lengths of -10 females were measured. Environmental parameters (temperature and salinity profiles, size-fractionated chlorophyll) were measured as described by Ki0rboe and Nielsen (1994) , where a description of the study site is also given.
Population-specific egg production rates {SEP, egg-C female-C" 1 day" 1 ) of Oithona spp. in the field were calculated from the ratio of eggs to females (E/F) in the water column, temperature-dependent hatching rates (HR, day" 1 ), carbon content of the eggs and female carbon content (from the length-carbon relationship):
The HR were obtained as a function of the in situ temperature (T) from:
derived by fitting Eaton's (1971) data of hatching time (HR~l) in the range 9-14°C (her Table 16 ). In this temperature range, equation (2) yields a Q m = 3.10, which is about the same as that reported for Oithona nana (Q l0 = 3.06) by Haq (1965) .
Results

Variation in egg production during a female lifespan
Normally, one egg sac was produced from each genital opening at each spawning event, but 10% of all females laid only one sac. Although the deposition of a single sac was not a constant individual feature, it was observed more than once in the same female. The number of eggs was not always the same in the paired sacs and a few times eggs developed in only one sac, despite two sacs having been produced. An example of the egg production pattern throughout a female lifespan (since capture) is given in Figure 2 for a highly productive and long-lived wild animal. The variation in egg production throughout the lifespan is distinct: a period of 3 weeks with high and relatively constant egg production is followed by a decline in the reproductive performance; during this second half of its lifespan, the female stopped laying eggs or produced few, small clutches that were dropped or did not hatch. The total number of clutches and eggs released throughout a female's lifespan (since capture) and the reproductive period all increased with increasing food concentration (Table III) .
A variety of individual patterns were found for the field-caught females, including both younger animals that had not yet started egg production at the beginning of the experiment and older ones at the end of their reproductive period. In calculating average egg production rates, we utilized only data from the period where clutches were released regularly, and the post-reproductive period was thus not included. Furthermore, we excluded clutches released on the first day of incubation, since it may represent feeding conditions prior to the experiment. As an example, the selected period to derive the egg production rate of the female in Figure 2 was from day 7 to day 21. During that time four clutches were produced; the average number of eggs per clutch and the time (days) between clutches were 10.8 and 4.3, respectively, yielding an average rate of 2.5 eggs female" 1 day" 1 .
Functional response in female fecundity and longevity to food concentration
Female longevity (since capture) and fecundity of O.similis (Figures 3 and 4) were both affected by food concentration when the R.balticalH.triquetra diet was offered at levels ranging from 0.2 to 3.6 p.p.m. [equivalent to ~20-400 u.g C P 1 ; from 0.11 x 10" 6 u.g C u,m~3 (Strathmann, 1967) ]. Mean female longevity after capture (Figure 3a ) increased from 7 days at the lowest food level to >30 days at the two highest concentrations, with some individuals living >50 days. The proportion of females that did not release any eggs at all during their entire lifespan in the laboratory (Figure 3b) decreased with increasing food level: no females produced eggs at the lowest food concentration, only two (of 20) spawned more than once at 0.4 p.p.m. and ~80% of the females were truly productive at higher food levels. Those at the higher food levels that did not produce eggs had presumably entered their post-reproductive period at the start of the experiment.
The effect of food concentration on the fecundity of O.similis females is shown in Figure 4 . In Figure 4a , the dependency of clutch size on female body mass was removed by standardizing the values as: where Clutch^ix, and Clutch OBS are the standardized and observed clutch sizes, respectively, W av is the average carbon content of females across food levels and Wo is the mean individual female carbon content at each food concentration. The standardized mean clutch size varied significantly across food levels (oneway ANOVA, P < 0.001), but with no consistent trend. The time between consecutive clutches (Figure 4b ), on the other hand, decreased significantly (P < 0.001) with increasing food concentration up to 1.8 p.p.m. and was constant above this level. Finally, egg production, in terms of both eggs female" 1 day" 1 (Figure 4c ) and weight-specific rates (Figure 4d ), increased asymptotically with food concentration. Thus, food concentration affects egg production in O.similis primarily by influencing spawning frequency rather than clutch size.
On this diet, the food concentrations required by O.similis to start producing eggs and to reach maximum rates were between 20-45 and 130-200 u.g C I"
1 , respectively, and the maximum specific egg production rate was 0.04 day"
1 . To compare egg production in wild and cultured females, an experiment was conducted at the highest food concentration with the second generation of females grown in the laboratory (open symbols in Figure 4 ). There were no differences between wild and cultured females in brood size, spawning frequency or egg production rate.
Effect of food composition on fecundity
When O.marina was included in the diet, both spawning frequency and clutch size increased significantly (one-way ANOVA and a posteriori Tukey HSD test, P < 0.001) and the resulting egg production rate was enhanced 2.5-fold (P < 0.001) over that obtained at a saturating concentration of R.baltica and H.triquetra (Table IV) . Animals fed the O. manna-supplemented diet produced a new egg sac immediately upon release of the former one, i.e. the time between consecutive clutches (3.4 days) and egg hatching time at 15°C (3.0 days) were similar. Because new sacs cannot be released while the old ones are still being carried, the observed spawning frequency, and probably also egg production (0.1 day" 1 ), are the maximum possible ones in O.similis at this temperature.
Development
The development of nauplii and copepodids is illustrated in Figure 5 for all four experiments conducted at 20%o and 30%o S. Average developmental rates did not differ between nauplii and copepodids or among experiments [tests for equality of slopes (Sokal and Rohlf, 1969) , P < 0.25 and P < 0.50, respectively]. Furthermore, stage-specific stage durations (averages across experiments) were statistically indistinguishable from one another (one-way ANOVA, P < 0.25). Therefore, all experiments conducted at 15°C have been pooled in Figure 7a . Development appears to be isochronal, with an average developmental rate of 0.025 stage h" 1 and an average stage duration of 40 h stage" 1 at 15°C.
Growth
Growth of O.similis was near exponential throughout development ( Figure 6 ). Specific growth rates (g), estimated from exponential regressions, of between 0.18 and 0.20 day" 1 did not vary significantly between experiments. However, lower growth rates during late copepodid stages were suggested by the results of at least two of the four experiments (Figure 6b and d) . Moreover, when mean stage-specific weights were plotted against stage-specific median development times (Figure 7b ), it becomes evident that growth was actually constant from N2 to C4 (g = 0.20 day" 1 ) but slowed down beyond that stage (g = 0.074 day" 1 ).
Seasonal variation in Oithona spp. egg production in the Kattegat
The ratio of numbers of Oithona spp. eggs to females {egg ratio 0 Bs) in tne southern Kattegat showed a fairly distinct seasonal pattern. The highest ratios were observed during the spring phytoplankton bloom, somewhat elevated ratios also during autumn and considerably lower egg ratios during summer (Figure 8a-c) . However, this variation in egg ratio was to some extent mediated by seasonal variation in temperature-dependent body size (Figure 8d ) (correlation between egg ratio and body size and between body size and temperature: r = 0.49 and -0.68, respectively; n = 33, P < 0.05 in both cases). The egg ratio standardized to body size (egg ratio S Tt> -e 8g '•artooBs(W av /W $ ), where W av and Wj are the seasonal average and the time-specific carbon contents of Oithona spp. females, respectively) still shows a seasonal signal (Figure 8e ) and is weakly but significantly related to the concentration of chlorophyll (r = 0.46, n = 32). The standardized egg ratio can be considered a temperature-and size-corrected measure of fecundity. Even though chlorophyll is probably a poor measure of food availability, this correlation suggests that egg production is related to, and at times limited by, food availability in the Kattegat. The calculated population weight-specific egg production rates show even less seasonal variation, but appear to fluctuate randomly around an annual average of 0.033 ± 0.019 day" 1 (Figure 9 ). The population-specific egg production rates realized by Oithona spp. in the Kattegat may be compared with the potential rate (EP max ) by assuming (i) that our maximum laboratory-measured specific egg production rate in O.similis (0.1 day" 1 ) reflects the potential rate at 15°C and (ii) that egg production has a Q l0 similar to that of egg hatching [cf. equation (2) Except during the spring phytoplantkon bloom and during late autumn, estimated in situ egg production rates are considerably less than potential rates (Figure 9 ). Thus, OUhona spp. fecundity appears to be strongly limited by food availability or composition for most of the year.
Discussion
Growth and development
Development and growth in juvenile Oithonidae appear not to deviate much from that observed in small calanoid copepods. We observed isochronal development in O.similis, which has also been reported for several small calanoids (Miller etal., 1977; Uye, 1980; Klein Breteler etal., 1982; Berggreen et a/., 1988) . Landry (1983) pointed out that in most calanoids development is only approximately isochronal. This is mainly due to the occurrence of relatively short pre-feeding stages (NI and Nil) and a normally longer first-feeding stage (Nil or NIII). We saw no signs of that for O.similis, which accords with the fact that Oithonidae already commence feeding in nauplius I (Eaton, 1971; Uchima and Hirano, 1986) . A maximum developmental rate of 0.025 stages h" 1 , or a generation time (egg to adult) of 19.7 days, found here for O.similis at 15°C, although somewhat higher than developmental rates previously observed in Oithona species at similar or higher temperatures, resembles what has been found in both free-spawning and egg-carrying calanoid copepods (Table V) . Huntley and Lopez (1992) compiled generation time data for (mainly) calanoid copepods from the literature, and their regression of generation time versus temperature predicts a generation time of 21.3 days (confidence interval 17.9-24.9) at 15°C. This is similar to our observation for O.similis. The develop- 0.05
• .* n JFMAMJ JASOND Fig. 9 . Population weight-specific egg production rate (day" 1 ) of Oithona spp. in the Kattegat (Denmark) and potential (temperature-dependent) weight-specific egg production rate in O.similis [cf. equation (3)].
mental rate in another cyclopoid copepod, Oncaea mediterranea, also appears close to what has been found in calanoids (Paffenhofer, 1993) .
There are no other laboratory growth rate data for Oithona available in the literature for comparison. However, our estimate of a juvenile growth rate of 0.2 day" 1 at 15°C in O.similis is similar to, or perhaps slightly lower than, maximum growth rates observed in juvenile calanoids, including growth in juvenile eggcarrying calanoids (Table VI) . The prediction of Huntley and Lopez's (1992) regression of calanoid growth rate versus temperature is 0.24 day" 1 at 15 C C (confidence interval 0.20-0.27 day" 1 ), which is close to our estimate. Also, the similarity of developmental rates between Oithona species and calanoids more generally suggests that their growth rates are similar because egg-to-female weight ratios do not differ between oithonids and calanoid copepods (Ki0rboe and Sabatini, 1994) . The only laboratory growth rate estimate available for another marine cyclopoid copepod, O.mediterranea, 0.26 day" 1 at 20°C (equivalent to 0.15 day" 1 at 15°C, assuming a Q l0 of 3.1), is somewhat lower than our estimate, but these animals were grown under suboptimal conditions (Paffenhofer, 1993) . Finally, the dependency of growth on temperature in calanoids resembles the temperature dependence of egg hatching and, thus, presumably growth in oithonids, with exponential temperature coefficients of 0.111 and 0.113, respectively [cf. equation (2) and Huntley and Lopez (1992) ]. Thus, it appears that maximum temperature-controlled juvenile growth in cyclopoid and calanoid copepods is widely overlapping and, in spite of speciesspecific differences, on average does not differ markedly.
Egg production and energy budgets
In contrast, there seem to be striking differences in maximum egg production rates between Oithonidae and free-spawning calanoid copepods. We roughly estimated weight-specific maximum egg production rates of various Oithona species from information in the literature on sizes of females and eggs, clutch size, and either hatching time or spawning frequency measured at food concentrations reported to be saturating (Table VII) . Taking experimental temperatures into account, it is evident that all reported rates are similar to or Hiromi el al., 1988) . For the other copepods a carbon content = 40% dry weight was assumed. I ll the cases, an egg carbon content of 0.14 x 10~6 (ig C u.m~3 (Kiorboe el al., 1985a; Huntley and Lopez, 1992) (Corkett and McLaren, 1978) . lower than that found for O.similis here on an O./namza-supplemented diet. The lower rates may simply be due to inadequacy of food composition, as found in this study on a saturating concentration oiH.triquetra and R.baltica, and cannot be taken as evidence for differences between species. If we consider the maximum weight-specific egg production rate reported here as the maximum possible one in Oithonidae, the following patterns emerge, (i) Maximum weightspecific egg production (0.1 day" 1 at 15°C) in O.similis in particular, and in Oithona species in general, is significantly smaller (^50%) than maximum specific juvenile growth (0.2 day" 1 in O.similis at 15°C). This also appears to be the case for O.mediterranea (Tables VI and VII) . In contrast, maximum weightspecific egg production rates in small, free-spawning calanoid copepods are similar to maximum specific juvenile growth rates, e.g. Acartia tonsa (Berggreen et al., 1988) , Acartia clausii hudsonica (Sekiguchi et al., 1980) , Centropages typicus and Centropages hamatus (Fryd et al., 1991) . (ii) Weight-specific egg production rates in Oithona species are significantly less (^50%) than those in free-spawning calanoids (Table VII) .
The lower weight-specific egg production in cyclopoids is related primarily to a lower efficiency of feeding (Paffenhofer, 1993) , while metabolic rates appear similar. Reported metabolic rates of Oithona spp. females (converted to 15°C by assuming a Q l0 of 3.1) range between 10-22% body wt day" 1 (Klekowski et al., 1977; Lampitt and Gamble, 1982; Hiromi et al., 1988) and up to 35% day" 1 (Marshall and Orr, 1966) . Metabolic rates in the small calanoid A.tonsa (converted to 15°C) are overlapping and range between 2% day" 1 in starving females to 12% day" 1 in females feeding at maximum rates (Ki0rboe et al., 1985b) . In contrast, maximum female ingestion rates in Oithona spp. are 35-42% body wt day" 1 at 8-10°C (Lampitt and Gamble, 1982; Drits and Semenova, 1984) , which are equivalent to ~75% day" 1 at 15°C, whereas females of small free-spawning calanoids have maximum ingestion rates about two times higher (equivalent to -150% day" 1 or even higher at 15°C) (Checkley, 1980; Deason, 1980; Paffenhofer, 1984; Ki0rboe et al., 1985b) .
The difference in fecundity between cyclopoid and free-spawning calanoid copepods appears to recur between egg-carrying and free-spawning calanoids. Thus, maximum weight-specific egg production rates are lower than juvenile growth in several species of the egg-carrying Pseudocalanus and lower than in free-spawning calanoids (Tables VI and VII) (however, see Corkett and MacLaren, 1978) . Field studies suggest the same to be the case for Clausocalanus furcatus (Sazhina, 1985) , but not for Eurytemora herdmani (McLaren and Corkett, 1981) and E.affinis (Hirche, 1992) . Although the evidence is somewhat equivocal for calanoids, we suggest that the different fecundities may be related to the egg-carrying behaviour rather than to a difference between cyclopoid and calanoid copepods. We discuss this topic further in an accompanying paper (Ki0rboe and Sabatini, 1994) .
Seasonal occurrence of Oithona spp.
Paffenhofer (1993) suggested that because cyclopoid copepods are morpho-logically and anatomically less specialized than calanoids, they are adapted to a wider range of habitats and may maintain populations under more disadvantageous conditions. In the Kattegat, for example, due to the interplay between temperature and food limitation, Oithona spp. maintains almost constant weight-specific egg production year round (Figure 9 ). This is in stark contrast to small free-spawning calanoid copepods, that show here a very strong seasonal signal in specific egg production rates (0-0.30 day" 1 ) (Ki0rboe and Nielsen, 1994) . Accordingly, the biomass of Oithona spp. in the Kattegat varies considerably less seasonally (a factor of 15) than the biomass of the co-occurring calanoid genera (Pseudocalanus spp. 115, Paracalanusparvus 1114, Acartia spp. 326, Centropages spp. 1820, Temora longicornis 104; data from Ki0rboe and Nielsen, 1994) . Consequently, Oithona spp. contribute relatively most to copepod biomass during 'disadvantageous' seasons, i.e. autumn, when predation mortality is high, and winter, when food is scarce (Ki0rboe and Nielsen, 1994) . Sustained egg production and relatively high biomasses during winter have been recorded for Oithona species in other temperate seas (e.g. Heinrich, 1962; Lampitt and Gamble, 1982; Krause andTrahms, 1983; McLaren et al., 1989; Hay et al., 1991) . This difference in seasonality cannot be readibly explained by differences in reproductive strategy (Ki0rboe and Sabatini, 1994) , but may be related to differences in the functional relationship between fecundity and food availability. During winter seasons, the plankton flora of temperate seas is dominated by small (<5-10 |xm) flagellated forms (e.g. Ki0rboe, 1993) ; this is also the case in the Kattegat, where flagellate concentrations are of the order of 50-100 u-g C1"' during winter (Thomsen et al., 1992) . Small cells are relatively unavailable to calanoid copepods (Berggreen et al., 1988 ), but may support substantial feeding and egg production in Oithona spp. For example, the feeding rate of O.nana on the small flagellate Isochrysis sp. (~4 u,m ESD) saturates at a concentration of only ~100 u,g C I"
1 (Lampitt and Gamble, 1982) while, for comparison, A.tonsa requires concentrations of R.baltica (6 u,m ESD) of -500 (xg C \~l to saturate its feeding (Ki0rboe et al., 1985b) . Accordingly, Lampitt and Gamble (1982) found that in the North Sea, food availability is sufficient to support grazing rates well in excess of metabolic requirements in O.nana throughout the winter. However, the potential differences in the functional response and in the size-selective feeding between calanoid and cyclopoid copepods, and the implications for their spatio-temporal occurrence, need to be examined further.
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